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SNOWFALL I N  THE MOUNTAINS. 

The month was one of light snowfall in the mounbains 
of California. In cert,ain portions of the. Sierra Nevada 
the precipit,at,ion was slight,ly above the normal; but in 
the range as a whole, and likewise in the Sierra Madre 
and t,he Coast Fange, bot'h rain and snow were deficientt. 
The season as a whole has been onc, of light, snowfall. 
The depth and area of the snow c,over were less than at, 
t,he corresponding date last year and also 1911. 

The snow that now remains a t  the high e1evat)ions will 
melt rapidly, ancl there is every likelihootl that the season 
will be an early one ancl most of t,hs passes open and 
available for travel by t,he beginning of June. The water- 
falls and mountain sbreams will show a marked decrease 
in volume before the middle of June. 
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SPECIAL COMPARATIVE REPORTS. 

Summit.-The following table shows depth of snow on 
ground a t  Suinniit, Placer County, on several dates in 
April for a number of years: 

Inches. 
Iw)7. ................................................... 240 

1008 .................................................... 
1910 ..................................................... 65 
1911 .................................................... 135 
1912 ..................................................... 5n 
l Q I 3 . .  .................................................. 

1908.. .................................................. I 50 

Inches. 1 Inchts. 
117 

15s 1% 
32 12 

145 96 

41 2.4 
30 ~ 32 

SUXSRINE. 

The following table gives the tothl hours of sunshine 
and percentages of possible: . 

There was more sunshine cluring tl!r currcnt A;>ril tl1n:i 
during April last year. 

NOTES ON THE RIVERS OF THE SACRAMEN70 A N I )  LOWEll 
SAN JOAQUIN WATERSHEDS DURING APKIL, 1913. 

By N. R. TATLOB, Local Forecantor. 

Sncram.enio u~ater8hed.-Precipitation throughout this 
watershed was below the normal for t,he month. It oc- 
curred, for the most part,, as scatatered showers during the 
first and second decades, wkh some snow in the higher 
1eve.h. 

Notwithstanding the shortage of precipitn6ion all 
streams in the draina.ge basin of the Sacrament,o Valley 
rose as a result of melting snow, and their average stages 
were hiaher than during any month since 6he spring of 
1911. ?'hey were, however, below the stages that are 
usually maintained during the month in question and, in 
many cases, were t'he lowest on record for April, except 
that of 1912. 

The average st,age a.t Red Bluff on t.he Sacramento 
River was 0.6 foot below the 15-vear avertwe and 1.8 Feet, 

above the lowest previous average for the month. At 
Colusa the Sacramento averaged 11.2 feet, which is 2.4 
feet below the average of the past 7 years, and 4.2 feet 
above the lowest on record for t,he month. The Sacra- 
mento a t  Knights Landing averaged 4 feet below the 
normal of the nst  15 years, and 4.3 feet above the lowest 
for the moutf. At Sacran1ent.o Cit,y the river was 4.4 
feet below the average of the past 30 years and 4.3 feet. 
above t,he revious low-water average for the month. 

I n  the 8 eather-Yuba watersheds all wRt,ercourses lose 
slowly during the eater part of t,he month, and while 

during the corres ondbg month in 1912 they were much 

The American kiver carried more waher than for any 
month since that of June, 1911. It was, however, about 
1 foot below the usual April sta e. 

Lower San Joaquin wat ershef-There was much less 
than the usual amount of recipitation in t.his watershed, 

melting snow, except the Calaveras. l%ey were, how- 
ever, below bhe usual April stagee, es ccially in the lower 

1Fj-year normal. 

they were from 1 F oot to nearly 3 feet above Ihe stages 

below the usual A pril stages. 

but ill1 streams rose slowy 7 and steadil as a. result of 

San Joaquin itself, which was nearp  f 8 feet below the 

NOTES ON STRE.\MS OF THE UPPER SAN JOAQUIN 
WATERSHED. 

By W. E. BO~NET, Local Forecaster. 

Escc t in the lower reaches of the upper San Jonqujn 

drainage area were slightly higher than in April, 1912, 
but they were eve where mukh lower than the average 
April stages. FaXy henvy rains on the 13th and 14th 
had 110 appreciable c4'ect. on the flow a t  any point, and 
only during the closing w - o ~ k  of the month were substan- 
t , id rises rccordrtl. The Innximum steg& a t  the several 
st,atioris occurrrcl on the 37th and 2Sth following the ab- 
nornitilly warm wnnther of the 24th, 25th, and 26th. 

At Mcrced Fitlls the avcrnge monthly stage was 1.2 
feet, arid thc range from 0.9 foot on the 10th to 1.7 feet 
on thc. 27th. The 7-yenr average stage a t  this point is 
1.6 feet. At Friarit, on t.hc Snn Joaqum the mean stage 
wn.s 0.5 foot as cnmpart~d wit,li a 7-year avera e of 2.1 feet 

on t,he 9th t,o 1.3 feet on t.he 27th. Firebaugh had an 
riT'ert-igc stage of -0.2 foot as compared with a 7-year 
2:Ferage oi 4.6 fect. At this station the daily sta es 
~xnged from -0 .9 011 the 3d to 3 feet on the 28th. %e 
:ivci*:ige st.nge, hi the Kings River a t  Piedra was 6.7 feet 
:'.s conipnrcd 1vit.h 5.8 in April, 1912, and an approximate 
nver:>gc of 7.8 feet) for a 10-year period. Here the daily 
staves ranged from 5.6 feet 011 the 8th to 8.7 feet on the 

Siort,age of rainfall during the spring months created 
an early dema,nd for irrigation water and the available 
supplg was seriously inadequate. At the close of the 
mont some ditch systems had received no water a t  all. 

FROST STUDIES-DETERMINING PROBABLE MINI- 
MUM TEMPERATURES. 

By Prof. A. Q. M c A D ~ .  

itself, t €I e stages of streanis of the upper Snn Joaquin 

for April n t  t.hRt point. Dtiily stages ra.nged P rom 0.1 foot 

s7tR 

Loss of heat occurs in three ways-fimt, b radiation; 
second, bv convection: and third. bv con (9 uction. I n  
frost &ve&gations the loss by conduc6on is unimportant 
and may be neglected. n' h t  I n  fact the soil durin 
hours, while losing heat in other w a p ,  gains heat % P  y s ow 

e 0 . .___ conduction through the ea,rth. Air, however, is such a 
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poor conduct'or of heat that practically nothing is aiiied 

ful if any heat supplied to the air through the process of 
conduction is appreciable a t  the level of the t.ops of lenioii 
and orange t,rees. 

Radiation is the chief agency in lowering the, te,mpera- 
ture during frosty ni hts. In more t,haii 90 per cent of 

lowest t8em eratures have occurred in the early morning 

The great frost of January 4-7, 1913, is, however, an ex- 
ception, for the chilling was clue more to loss of he,at8 by 
convection and exc,essipe evaporat,ion than to radiation. 
The conditions prevalling at  this t , h e  were dewribed in 
the .Monthly Weather Review for January, 1913. 

I n  radiation two factors of import,anc,e are, t8he iiat,ure 
of the radiat,ing surface, whether a slow or a rapid ab- 
sorber and there,fpe a slow or rapid radiator, aiid the char- 
act,er of the absorbing medium, in t,his case, the atmos- 
phere. The quantity of acquired or stored up heat eiier y 
atioii wit,h increase of temperat,ure. Incidenta!ly, it, 
may be not,ed that  there is an increase of nbsorpt)ion, as 
shown b Prof. Humphreys, wit,h increase of pressure. 

reemitted heat from the earth (wave lengt,hs approsi- 
mately 0.012 mm.) is absorbed and t,rapped. Free racli- 
at8ion, is int,erfered with aiid the te,mperature does not, 
fall as low as would otherwise be the case. 

The question is often asked, Why is it, thatt on st,ill 
nights frost occurs, while on windy night)s frost does not 
occ,url As we shall later see, frost c.an occur on windy 
nights provided t,he humidity is low and the moving ~ i r  
has a tem erature below freezing. I n  general, however, 
a still con a it,ioii favors loss of heat' for these reasons : First,, 
there is no transfer of heat from the higher levels whidi on 
still nights as a rule are warme.r t8han t,he surfac,e air, or 
in other words, there is no ain of heat clue t'o mising; 

motion; and third, sinc,e the intensit,y of radiat,ion varies 
as the square of the refractive index of t8he layer of  air, a 
higher value occurs when air is arranged according t>o its 

. density than when several layers of air of different den- 
sity overlie each other. Furthermore, still night,s usually 
occur under conditions of high barometric pressure, gen- 
erally following the passage of an area of low pressure, and 
this increases somewhat the refractive indkes for all 
radiations. FinRLly, the absence of dust, and vapor partmi- 
des  due to settling is of great import>anc,e by increasing 
the diathermancy. 

Windy night8s, on the coiit'rary, are not' likely to  be 
frost,y because the conditions are unfavorable for fre.e 
radiation. The mixing of t'he air st'rat,a, results in gain of 
heat by convection and also preveiit,s a sett,lulg of the air 
according to density. As am cools it8s wei h t  per unit, 

heaviest air wiU sink to the bottom. Water vapor, how- 
ever, grows lighter per unit volume as the t,emperat,ure 
falls. Thus in a iven mixture the vapor t,eiids t80 rise 
and the air to sin% as t,he t,empera.t,ure falls. Likewke, 
the pressures of the air and water vapor vary, the air 
pressure increasing per unit volume as t8he t,emperat,ure 
falls and the vapor ressure decreasing. The vapor pres- 

'Windy nights can be favorable for frost, or &her in- 
jury to vegetation by what is commonly called frost can 
occur when there is such forced eva oration that the 

a t  a height of a few feet, above the ground, and it is % oubt- 

t8he injurious frosts w fl ich have occurred in California t'he 

hours and I! ave been clue essentially t,o intense,radiatlon. 

also important,, inasmuch as there is n.n increase of r8.c P i- 

Unless t z e air is dust free, vapor free, and quiet,, tfhe 

second, there is no gain of K ieat by compression due to 

volume increases, and if not kept in motion t % e c.oldest or 

sure, however, is on P y a small fraction of t,he air pressure. 

temperature is materially lowered. s oreover, the tem- 

perature of the air may be so low that no mixing is of 
avail, aiid still further the mixing may have been accom- 
panied by expansion and cooling. Such conditions hap- 
pened apparently 011 January 4 t o  7, 1913, throughout 
California, and especially in the San Gabriel Valley. The 
air stream hail by previous expansion been robbed of 
most of its water vapor in passiiig from Nevada south- 
ward up aiid over the Sierra Madre. The descending air 
falling a distance of 2,000 meters or inore was somewhat 
wariiied by compression, it is true, but was much drier 
than a t  a corresponding level on the other side of the 
range. 

The blanket of vapor which usually forms a few feet 
above the soil after sunset did not forni as early as usual, 
if indeed it formed at all, and the air motion was so vigor- 
ous that the water vapor could not have remained a t  any 
uniform height nor reserved a stratification. From the 

first, because the blanket of va )or would have served to 

1)ecause the presence of tho vapor undoubtedly acts as a 
control on transpiration. During the period under dis- 
cussion the estreine dryness of the air niust have robbed 
the leaf surface of its moisture at such n rate that no 
proper balance could be niainthieil between supply ancl 
Cleniniid, or in other ~vorcls, between the internal work due 
to sap pressure ancl the esterrial work of transpir n t' 1011. 
Therefore serious injury to the plant structure resulted. 
The frost as a whole presented iiiaiiy unusual features, 
tint1 tlie daniage clone varied considerably within short 
distances. This of course is not unusual with frost, as the 

rohlern is essentially one of air drainage, but it seenis 
h e l y  that the estreine dryness of the air was the cause of 
greatrr injury tliitii the change in  temperature. 

It niay not be out of place to note here that frost in the 
coinnion wceptation of tlie word-that is, the preseuce of 
congealed water, does not necessarily indicate the place 
of lowest temperature. Paradosical as it iiiay seem, the 
frost crystals itre in reality an agency for conserving heat 
owing to  the high specific heat of water. The latent heat 
of fusion of ice. using ordinary water, is 73,000 calories 
per kilogram. Theoretically, it requires 10 calories to 
inelt 1 grtani of ice; but because R cubic centimeter of ice 
a t  0' C'. weighs only 93 per cent of a grain, the true heat 
required reduces to T3 calories. Water is a t  its maximum 
density nt 4' C. a n c l  the chaiiae of forni under laboratory 
conditions occurs a t  0' C.; !ut just what the freezing 
tempernture is for water on the plant surface, or in the 
intercellular spaces, or in combination with other fluids, 

viewpoint of the orc $ iardist this was doubly unfortunate, 

retain heat and interfere wit 1 i radiation; and second, 

is unknown. - 
Fixit, surfaces, le.af surftws, inold, and old boards will 

show a covering of frost when other bodies similarly 
espnseil sliow no such clepod. As stated above, this does 
not inem always that the temperature was lower here 
than elsewhere, for the congelation may be connected with 
the hygroscopic character of the surface and a su ply of 

conditions that the change of form readily occurs. Other 
tliincs being equal plant surface is a good radiator, but 
just %ow the water exuded froin the st,oinata and under 
pressure of surface tension freezes remains to be deter- 
mined. 

Two interesting records of the percentage of saturetion 
during this frost period are available and bear directly 
upon the question of iriinirnuni tem erature. The f i s t  
record was made a t  Ryan, or, inore &finitely, Greenland 
Ranch, in Death Valley, about 10 miles southwest of the 
station h o w n  as Death Valley Junction on the Tonopah 

water furnished by capillarity and under such p K ysical 
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& Tidewater Railroad. This is in Inyo County, Cal., and 
the air moving 600 miles southwest would pass over the 
Mojave Desert, then up and over the Sierra Madre, de- 
scending into the Great Valley of southern California. 
We thus have a recorcl of the percentage of saturation of 
a great air streani a t  two points 600 niiles distant, with 
an intervening range, the average elevation of which is 
6,000 feet. Beginning Saturday, January 4, and lasting 
until January 8, there was a distinct decrease in the 
relative humidity and the percentage was much lower 
at the southern station. Low tern eratures prevailed 

It would therefore seem that in future studies concern- 
ing the best methods of frost protection, special attention 
must be given to the moisture content of the air. This 
factor seems to play a controlling part in determining 
minimum temperatures. Not only this, but it is of 
great importance in connection with the niaintenapce of 
proper plant functions, especially in connection with 
transpiration. 

throughout this period, culiiiinathg f anuary 6. 

gently from an altitude of 300 feet (90 meters) at  the 
university campus t o  San Fraiicisco Bay about 2 miles 
(3 kilometers) distant. East of the university the Berke- 
ley Hills rise t o  an altitude of nenrlv 2,000 feet (600 me- 
ters) in 2 miles. The record, as shown in the table, is 
consistent with itself, and is of value as showing tenden- 
cies, if nothing niore, although the exposure has been 
cliangrd twice during the pcric d ar:d has at  no tinie been 
ideal. Except for the years between IS92 and 1899 thr 
exposure hns been on a roof iii(~re or less protected by 
trees, but too far away to directly shelter the gage. 

The table shows the monthly precipitntion for the 25 
years. 'I his rainfall wns recordc d by the University ai?d 
the results sent each month to the Weathcr Bureau 
Office in San Francisco, where they have been checked 
and corrected when necessary. It has been dtemed 
advisable to use R rainfall year from July 1 to June 30 
rather than the calendar year, as the rams at  Berkeley 
are of the type known as subtropical, dry summers a ~ c l  
winter rains under cyclonic control, SO that the autumn 

% 

3 
FIG. 1.-Nean monthly rainfall in Inches at Berkeley, Cal. 

TRE RAINFALL OF BERKELEY, CAL.' 

By WILLIAM QARDNEB REED. 

A rainfall reccwl has been kept by the Uniwrsitj- of 
California as B ccoperative station of the United States 
Weather Bureau since lSS6, so that this recorcl now cuvc'rs 
a pericd of over 25 years. The miversify is located a t  
Berkeley, which k 12 miles (19 kilometers) cast-northeast 
from the Golden Gate arid the Pacific Ocean, on thc 
shoreward edge of a narrow coastal plain, which slopes 
__________. - 

1 Published in full in the University of C8lifOrnia Publications in Geography, vol. 1, 
No. 2, Berkeley, 1913. 

rains should btt grouped with those of t,he winter and 
s ring of the following and not of the same calendar year. 
&e nieaii monthly ramfall is shown graphically in figure 1 

Much 1 1 ;  

the precipitation in these months is from fog and occurs 
in amounts barely sufficient to be measured. The rainv 
season is generally preceded by light rains in Se tember 
and October. 
have been rainless. Septenfger has an average rainfall of 
about half ai1 inch (13 millimeters) and October about 
three times that amount. November may be said to 
mark the beginning of the season of heavy rainfall; the 

July and August are months t ,f  little rain. 

But three '3 tenibers and three 8 ctobers . 


